
Fishery Manuscript No. 94-3 

Performance of the Chinook Salmon Enhancement 
Program in Willow Creek, Alaska, 19854993 

bY 

Dana E. Sweet 

and 

Larry R. Peltz 

September 1994 

Alaska Department of Fish and Game Division of Sport Fish 



FISHERY MANUSCRIPT NO. 94-3 

PERFORMANCE OF THE CHINOOK SALMON 
ENHANCEMENT PROGRAM 

IN WILLOW CREEK, ALASKA, 
1985-1993l 

BY 

Dana E. Sweet 
and 

Larry R. Peltz 

Alaska Department of Fish and Game 
Division of Sport Fish 

Anchorage, Alaska 

September 1994 

1 This investigation was partially financed by the Federal Aid in Sport Fish 
Restoration Act (16 U.S.C. 777-777K) under Project F-10-9, Job No. E-2-4. 



The Fishery Manuscripts Series was established in 1987 for the publication of 
technically oriented results of several years' work undertaken on a project to 
address common objectives, provide an overview of work undertaken through 
multiple projects to address specific research or management goal(s), or new 
and/or highly technical methods. Fishery Manuscripts are intended for fishery 
and other technical professionals. Distribution is to state and local 
publication distribution centers, libraries and individuals and, on request, 
to other libraries, agencies, and individuals. This publication has undergone 
editorial and peer review. 

The Alaska Department of Fish and Game administers all programs and activities 
free from discrimination on the basis of sex, color, race, religion, national 
origin, age, marital status, pregnancy, parenthood, or disability. For 
information on alternative formats available for this and other department 
publications, contact the department ADA Coordinator at (voice) 907-465-4120, 
or (TDD) 907-465-3646. Any person who believes s/he has been discriminated 
against should write to: ADFLG, P.O. Box 25526, Juneau, AK 99802-5526; or 
O.E.O., U.S. Department of the Interior, Washington, DC 20240. 



I 

TABLE OF CONTENTS 

LIST OF TABLES............................................... iii 

LIST OF FIGURES.............................................. iv 

LIST OF APPENDICES........................................... V 

ABSTRACT.........................................,....,...... 1 

INTRODUCTION................................................. 2 

METHODS...................................................... 5 

Fish Culture ............................................ 5 
Creel Survey Design ..................................... 5 
Creel Survey Data Collection ............................ 7 
Creel Survey Data Analysis .............................. 7 

Angler Effort, Catch, and Harvest .................. 7 
Assumptions ........................................ 8 

Escapement Surveys ...................................... 8 
Size, Sex, and Age Compositions ......................... 8 
Contribution of Coded Wire Tagged Stocks ................ 9 

Contribution to the Sport Harvest .................. 10 
Contribution to the Escapement ..................... 10 

RESULTS...................................................... 10 

Fish Culture ............................................ 10 
Creel Survey Statistics ................................. 10 
Escapement Survey Statistics ............................ 12 
Size, Sex, and Age Compositions ......................... 12 
Contribution of Coded Wire Tagged Stocks ................ 12 

DISCUSSION................................................... 18 

Fish Culture ............................................ 18 
Creel Survey Statistics ................................. 22 
Escapement Survey Statistics ............................ 22 
Size, Sex, and Age Compositions ......................... 24 
Contribution of Coded Wire Tagged Stocks ................ 27 
Enhancement Program Evaluation .......................... 31 

RECOMMENDATIONS.............................................. 35 

ACKNOWLEDGMENTS.............................................. 36 



TABLE OF CONTENTS (Continued) 

LITERATURE CITED ............................................. 

APPENDIX A ................................................... 

APPENDIX B ................................................... 

APPENDIX C ................................................... 

&gg 

36 

41 

61 

75 

-ii- 



LIST OF TABLES 

Table 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

Estimated effort, catch and harvest by strata for 
fish greater or equal to 16 inches during the 
Willow Creek chinook salmon creel survey in 1993..... 

Estimated effort, harvest, and spawning escapement 
of Willow Creek chinook salmon for the period 
1979-1993............................................ 

Sex and age composition of chinook salmon sampled 
from the Willow Creek sport fishery and 
carcass surveys in 1993.............................. 

Mean length (mid-eye to fork-of-tail) in 
millimeters, by sex and age group, of Willow 
Creek chinook salmon sampled from the sport fishery 
and carcass surveys in 1993.......................... 

Estimated contribution of hatchery produced 
chinook salmon in the Willow Creek sport fishery 
harvest, 1993........................................ 

Comparison of the statewide harvest survey and creel 
survey harvest estimates for Willow Creek chinook 
salmon, 1979-1992.................................... 

Estimated age at return of Willow Creek chinook 
salmon by brood year based on sport harvest data 
collected during the period 1979-1993................ 

Comparison of predicted returns and estimated actual 
returns to Willow Creek, 1992-1994................... 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

11 

13 

14 

15 

16 

23 

25 

30 

-iii- 



LIST OF FIGURES 

Fieure Page 

1. Sport harvest of chinook salmon in Northern Cook 
Inlet, 1979-1992 (Mills 1980-1993)..................... 3 

2. Map of Northern Cook Inlet and the Susitna 
River drainage......................................... 4 

3. Map of Willow and Deception creeks showing the 
location of creel survey areas, carcass survey 
areas, smolt stocking sites, and egg take sites........ 6 

4. Number of nonhatchery and hatchery Willow Creek 
chinook salmon harvested by stratum, 1993.............. 17 

5. Numbers of chinook salmon harvested and angler 
days of effort expended sport fishing 
on Willow Creek, 1979-1993............................. 19 

6. Numbers of nonhatchery and hatchery chinook 
salmon harvested in Willow Creek, 1979-1993............ 20 

7. Numbers of nonhatchery and hatchery chinook salmon 
in the Willow Creek and Deception Creek escapement 
index, 1979-1993....................................... 21 

8. Willow Creek chinook salmon estimated age 
composition at return for brood years 1975-1987 
based on sport harvest data............................ 26 

9. Willow Creek chinook salmon estimated percentage 
of males by age class from sport harvests 
for the period 1986-1993............................... 28 

10. Willow Creek chinook salmon estimated mean length 
by age class from sport harvests for the period 
1986-1993.............................................. 29 

11. Willow Creek chinook salmon projected and actual 
hatchery returns by brood year from return years 
1983-1990.............................................. 32 

12. Willow Creek chinook salmon projected and actual 
hatchery returns for the period 1987-1993 
assuming a 2% return................................... 34 

-iv- 



LIST OF APPENDICES (Continued) 

Auuendix 

B7. Estimated hatchery return of Willow Creek releases 
to the Willow Creek creel survey, Willow Creek 
escapement survey, and Deception Creek escapement 
(egg take and carcass survey), 1986-1993............... 68 

B8. Estimated yearly age composition of Willow Creek 
chinook salmon from 1979-1993 based on sport fish 
harvests with a corresponding estimate of minimum 
run size............................................... 69 

B9. Estimated mean lengths by age and sex for Willow 
Creek chinook salmon, 1986-1993........................ 70 

BlO. Estimated sex composition by age class for sport fish 
harvests of Willow Creek chinook salmon, 1986-1993..... 71 

Bll. Seasonal timing of sport harvest by percent 
for Willow Creek chinook salmon, 1986-1993............. 72 

B12. Calculation of 1994 estimated return 
of chinook salmon to Willow Creek...................... 73 

C. Computer data files and analysis programs 
developed for the chinook salmon stocking, 
creel survey, and escapement studies 
on Willow Creek, 1993.................................. 76 

-vi- 



LIST OF APPENDICES 

AnDendix 

Al. 

A2. 

A3. 

A4. 

Bl. 

B2. 

B3. 

B4. 

B5. 

B6. 

Willow Creek chinook salmon creel survey strata 
definitions, 1993..................................... 

Estimation equations for angler effort for, and 
catch and harvest of, chinook salmon in the 
1993 sport fishery in Willow Creek.................... 

Estimation equations for the age composition 
in proportions and in numbers for the fish 
harvested in the chinook salmon sport fishery 
in Willow Creek, 1993................................. 

Estimation equations for the hatchery contribution 
of stocked chinook salmon to the sport fishery 
in Willow Creek, the escapement to Willow Creek 
as observed via carcass surveys, and to the 
escapement through the Deception Creek 
weir, 1993............................................ 

Numbers of chinook salmon smolt stocked 
into the Willow Creek drainage from 1985-1993 
with corresponding release and recovery information... 

Numbers of chinook salmon smolt stocked 
into Montana and Sheep creeks in 1987 and 1988 
with corresponding release information................ 

Coded wire tag recoveries and relative 
contribution of hatchery produced fish from 
Willow and Deception Creek carcass surveys 
and Deception Creek weir egg collection 
in 1993............................................... 

Number of chinook salmon inspected, number 
of adipose finclips observed, number of heads 
collected, and coded wire tag returns by strata 
from the Willow Creek creel survey in 1993 
(only fish greater than or equal to 16 inches)........ 

Tag recoveries from chinook salmon stocked 
in Willow, Montana, and Sheep creeks and recovered 
in nontarget fisheries, 1986-1993..................... 

Coded wire tag recoveries of Willow Creek chinook 
salmon in the Willow Creek creel survey, Willow Creek 
escapement surveys, and Deception Creek escapement 
(egg take and carcass survey), 1986-1993.............. 

Pane 

42 

46 

53 

56 

62 

63 

64 

65 

66 

67 

-v- 



ABSTRACT 

The contribution of hatchery produced chinook salmon Oncorhynchus tshawytscha 
to the Willow Creek sport harvest and escapement in 1993 was assessed using a 
roving creel survey at the mouth of Willow Creek, a weir at Deception Creek (a 
tributary to Willow Creek), peak spawning escapement surveys, and postspawning 
carcass surveys. Anglers expended an estimated 53,542 angler-hours to catch 
and harvest 8,998 and 5,619 chinook salmon, respectively. During this fishery 
15,298 angler-days were expended. This is a decrease of 3,000 angler-days 
from 1992 and an increase of almost 10,000 angler-days since 1988, when 
hatchery fish were first recorded in the harvest. The hatchery contribution 
to the 1993 harvest from chinook salmon smolt stocked in the Willow Creek 
drainage was 46%. This was the second largest contribution since the stocking 
program began in 1983. The 1989-1992 contributions were 38X, 362, 26% and 
51x, respectively. Escapement index counts and weir counts indicated a 
minimum of 3,448 spawners in Willow and Deception creeks combined. Carcass 
surveys in the mainstem of Willow Creek revealed a 13% hatchery contribution 
to the spawning escapement. Carcass surveys in Deception Creek indicated a 
relative hatchery contribution of 64% to the spawning escapement. The 
hatchery smolt release for 1993 was approximately 160,194. 

KEY WORDS: chinook salmon, Oncorhynchus tshawytscha, Willow Creek, Deception 
Creek, fish culture, smolt, stocking, creel survey, sport effort, 
sport catch, sport harvest, escapement counts, population, 
hatchery contribution, age, sex, length. 
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INTRODUCTION 

The sport fishery for chinook salmon Oncorhynchus tshawytscha in the Northern 
Cook Inlet (NCI) area (that portion of Cook Inlet north of the West Forelands) 
was closed periodically during the 1960s and 1970s because of small returns. 
Increases in the returns of chinook salmon to NC1 drainages in the late 1970s 
allowed reopening of a limited sport fishery in 1979. An intensively managed 
and growing fishery has existed since that time (Figure 1). 

Willow Creek, a tributary of the Susitna River (Figure 21, was designated as a 
potential recipient for chinook salmon enhancement in the Cook Inlet Regional 
Salmon Enhancement Plan (CIRPT 1981). Development of a chinook salmon 
enhancement program at Willow Creek was spurred by construction of a road to 
the mouth of Willow Creek and establishment of the Willow Creek Recreation 
Area at the mouth in the mid-1980s. A chinook salmon smolt stocking program 
was initiated at Willow Creek in 1985. With the exception of 1987, this 
stocking program has continued annually. An onsite creel survey has been 
conducted since 1979 to aid inseason management of the fishery. The creel 
survey was redesigned in 1988 to evaluate the enhancement program. 

Willow Creek has developed into the most heavily utilized road-accessible 
sport fishery for chinook salmon in NC1 (Mills 1980-1993). The primary 
purpose of the Willow Creek enhancement program is to increase chinook salmon 
fishing opportunities on a sustained yield basis by supplementing the existing 
natural run with hatchery fish. Natural chinook salmon production is 
relatively stable and appears near maximum. Present exploitation of this 
production also appears to be approaching maximum. Therefore, chinook salmon 
abundance must be increased if the fishery is to provide significant 
additional fishing opportunities. 

The primary goals of the Willow Creek chinook salmon enhancement program are 
to: 

1. maintain the present quality and quantity of natural chinook salmon 
production; 

2. produce an additional 6,000 returning chinook salmon of which 4,000 
would be available for harvest at Willow Creek on an annual basis by 
1994; and 

3. provide a minimum of 15,000 angler-days of chinook salmon fishing 
opportunity during the period 10 June to 10 July. 

To help measure program performance and achieve project goals, the following 
objectives were identified: 

1. estimate the angling effort, and catch (fish kept plus fish 
released) and harvest (fish kept only) in the Willow Creek chinook 
salmon sport fishery; 

2. estimate the age, sex, and length compositions of chinook salmon 
harvested from Willow Creek; 
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Figure 2. Map of Northern Cook Inlet and the Susitna River drainage. 
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3. estimate the age, sex, and length compositions of chinook salmon 
spawning in Willow Creek; 

5. monitor chinook salmon escapement indices to determine if approx- 
imately 2,600 spawn naturally in Willow Creek in 1993; 

6. estimate the contribution of stocked chinook salmon to the sport 
harvest, and estimate the relative contribution of stocked chinook 
salmon to the spawning escapement in Willow Creek; 

7. collect and transport approximately 440,000 fertilized chinook 
salmon eggs from returning hatchery stock at the Deception Creek 
weir; 

8. release approximately 200,000 chinook smolts, of which 40,000 will 
be marked with coded wire tags, into the Willow Creek drainage in 
order to yield 4,000 returning adults available for harvest. 

This report presents fish culture, creel survey, escapement, age, sex, length, 
and hatchery contribution data collected from the Willow Creek program in 
1993. Additionally, a compilation of all historic data used to evaluate this 
enhancement program is presented. Program success is evaluated by comparing 
historic performance to achievement of stated program goals and objectives. 
Finally, recommendations for consideration in future program planning are 
developed. 

METHODS 

Fish Culture 

Chinook salmon smolt were released at the Deception Creek bridge on the 
Hatcher Pass Road on 1 June (Figure 3). Approximately 42,932 (27%) of the 
160,194 smolt released were adipose finclipped and coded wire tagged following 
standard hatchery methodology (ADF&G 1983). 

Two weirs were installed on Deception Creek on 6 July to capture brood stock 
for the 1993 egg take (Figure 3). All fish entering the weir complex were 
detained between the weirs until the egg take was complete. The egg take 
occurred on 19, 22 and 26 July. On those dates, fish were seined and checked 
for ripeness. Ripe fish were killed and placed on a clean tarp. Milt from 
males and eggs from females were combined at a 2 :l male to female ratio in a 
5 gallon bucket (six males and three females). Water from Deception Creek was 
added to the bucket to initiate fertilization. After a 1 minute waiting 
period, excess milt, coagulated blood, and other debris were rinsed from the 
fertilized eggs. The clean eggs were put into plastic bags and placed in 
coolers for 45 to 90 minutes to water harden. The water-hardened eggs were 
packed in ice to keep them cool during shipment to Fort Richardson hatchery 
where they were incubated. 

Creel Survey Design 

Willow Creek was open to fishing for chinook salmon in all waters within a 
0.4 km (0.25 mi) radius of the creek's confluence with the Susitna River and 
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upstream to the Parks Highway. This section was open daily to fishing from 
1 January to 21 June. After 21 June, Willow Creek was to open, by regulation, 
only during the 3-day periods of 0001 hours each Saturday to 2400 hours on 
Monday, commencing on 26 June and ending on 5 July. 

Willow Creek is road accessible, allowing primary access to the fishery by 
vehicle and foot. The majority of anglers fished within 0.4 km (0.25 mi> of 
the mouth. Relatively few anglers fished at other locations such as the Parks 
Highway bridge area. Only the mouth area was surveyed in 1993 (Figure 3). 

A roving creel survey (Neuhold and Lu 1957) was conducted to obtain estimates 
of angler effort, catch, and harvest for chinook salmon in the Willow Creek 
sport fishery. The fishery was sampled using a stratified, multi-stage, 
roving survey design. 

Strata definitions and sampling parameters are listed in Appendix Al. 

Creel Survey Data Collection 

The following effort, catch, and harvest information were collected from each 
angler interviewed exiting the survey area: 

1. whether the interview was from a completed-trip or incompleted-trip 
angler, 

2. number of hours fished, 

3. number of chinook salmon 16 inches (406 mm) and greater in length 
harvested (kept) or released. 

Survey technicians monitored the mouth fishery at the head of the trail 
leading from the parking lot to the fishing area at the mouth of the creek. 
Time not spent conducting angler counts was spent interviewing exiting 
anglers, inspecting the observed harvest for adipose finclips, and collecting 
biological data. 

Creel Survev Data Analysis 

Angler count and interview data forms were visually checked for coding errors 
and corrected as necessary. Corrected data forms were sent to Research and 
Technical Services CRTS) for optical scanning. Resultant data files and 
summary printouts were also checked for errors and corrected as necessary. 
Corrected data files were sent to RTS for archiving (Appendix C). 

Angler count and interview data files were processed by the Division of Sport 
Fish's creel survey analysis programs and analyzed according to the procedures 
outlined below. 

Angler Effort, Catch, and Harvest: 

Standard procedures were used to calculate estimates of angler effort for, and 
catch and harvest of, chinook salmon (Appendix A2). These procedures are 
outlined in detail in Bernard et al. (In prep). The following is a brief 
summary: 
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Strata Procedure Description 

1 3-stage Design: 
(systematic), 

(1) days (random), (2) periods 
(3A) an ler counts (systematic) for the 

effort estimates, (387 angler interviews ("random") for 
the CPUE and HPUE estimates 

2, 5, 7, & 9 l-stage Design: (1A) angler counts (systematic) for the 
effort estimates, (1B) angler interviews ("random") for 
the CPUE and HPUE estimates 

3, 4, 6, 8, & 10 2-stage Design: (1) periods (systematic), (2A) angler 
counts (systematic) for the effort estimates, (2B) angler 
interviews ("random") for the CPUE and HPUE estimates 

Assumptions: 

The assumptions necessary for unbiased point and variance estimates of angler 
effort, catch and harvest included the following: 

1. anglers interviewed at each section of the fishery were representa- 
tive of the total angler population; 

2. anglers accurately reported their hours of fishing effort, the 
number of fish caught, and the number of fish released; and 

3. the angler count process was approximately instantaneous, or the 
survey technician was assumed to travel substantially faster than 
anglers move about or exit or enter the fishery. 

The above assumptions were most likely valid with the exception of 
assumption 2. Not all anglers were able to remember the hours of fishing 
effort and tended to report a number of hours between the length of the trip 
and the actual number of hours spent fishing on the trip. 

EscaDement SUrVeYS 

Chinook salmon spawning in Willow Creek were counted by aerial survey 
(helicopter). Spawners in Deception Creek were counted at a weir placed 
across Deception Creek and by walking the creek from the forks downstream to 
its confluence with Willow Creek. Escapement surveys were conducted during 
the peak spawning period which was identified through frequent inspections of 
spawning activity. Escapement data reported were the number of observed fish, 
both alive and dead. 

Raw survey counts of chinook salmon in Willow Creek were not expanded to 
account for stream life, poor visibility, or missed fish. The actual number 
of chinook salmon observed was reported as the escapement index and was 
considered to be a minimum escapement estimate. 

Size, Sex. and Ape Comnositions 

Chinook salmon harvested in the sport fishery were sampled for age, length, 
and sex information. Carcasses of postspawn chinook salmon in Willow Creek 
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from the canyon downstream to the confluence with Deception Creek were also 
sampled (Figure 3). Length, sex information, and scales were collected from 
every fish possible. However, some fish were badly decomposed which precluded 
scale collection and accurate measuring. 

Sampled fish were measured from the middle of the eye to fork of the tail, to 
the nearest 5 mm. The sex of those fish selected for age composition was 
recorded. Three scales were collected on the left side of each fish approxi- 
mately two rows above the lateral line and on the diagonal row downward from 
the posterior insertion of the dorsal fin as described in Clutter and Whitesel 
(1956). Scales were mounted on adhesive-coated cards and thermohydraulic 
impressions were made in cellulose acetate. Age determinations were made by 
examination of scale impressions using a microfiche reader. Ages were desig- 
nated using the European method (Koo 1962). Age, sex, and length data were 
recorded on standard biological mark-sense forms. 

Examination of scales during 1989 and 1990 indicated that freshwater growth in 
scales from hatchery-produced fish was indistinguishable from that of 
nonhatchery fish when viewed on a microfiche reader (Sweet and Webster 1990; 
Sweet et al. 1991). Therefore, hatchery-produced and natural fish were 
combined by saltwater age classes. 

Estimates of age composition (proportion) for the subsampled chinook salmon 
were calculated for each stratum of the creel survey. Estimates of proportion 
of fish harvested by sex and age class across all strata were obtained by a 
weighted means procedure. Complete details of the estimation procedure are 
presented in Appendix A3 of this report. 

Estimates of mean length by age group of chinook salmon subsampled from the 
sampled harvest were calculated by the procedures outlined in Sokal and Rohlf 
(1981, Boxes 4.2 and 7.1, pages 56 and 139). Length-at-age was assumed not to 
vary substantially from stage to stage or stratum to stratum, and as such, 
samples of fish lengths were treated as if collected by a simple random 
sampling program. 

Contribution of Coded Wire Taaaed Stocks 

In addition to the age, sex, and length information, chinook salmon harvested 
at Willow Creek were examined for a missing adipose fin (indicating the 
presence of a coded wire tag or CWT). Daily records were kept of both the 
number of fish examined and the number of fish observed to have a missing 
adipose fin (clipped fish). Heads were collected from the clipped fish and 
sent to the Commercial Fisheries Management and Development Division labora- 
tory for decoding. Carcasses from the chinook salmon escapement in the 
reaches of Willow Creek and Deception Creek upstream of their confluence were 
also inspected for adipose finclips to recover associated CWT's and estimate 
relative hatchery contributions. 

Data collected included number of carcasses observed, number of fish inspected 
for adipose finclips, number of clips observed, mid-eye to fork length, and 
scale collection. Heads from fish with a missing adipose fin were collected 
and decoded as described above. Adult chinook salmon were expected to return 
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to Willow Creek from the stocking of smolt in 1989, 1990, 1991, and 1992 
(Appendix Bl). There was also the possibility of returns from the 1989 
Montana Creek and Sheep Creek smolt releases (Appendix B2) (Chlupach 1990). 

No sampling was conducted to estimate hatchery contribution for nontarget 
commercial, sport, or subsistence fisheries. Some level of interception was 
likely. 

Contribution to the Sport Harvest: 

Hatchery contributions were estimated for the sport fishery using the 
procedures of Clark and Bernard (1987). A bootstrap procedure was used to 
estimate the variances and standard errors of these estimates (Efron 1982). 
The equations presented in Clark and Bernard (1987) could not be used to 
estimate these variances due to the presence of sampling error in the 
estimates of total harvest. Estimates were obtained either separately for 
each stratum, or by select combinations of strata. Within any 3-day weekend, 
the two strata that comprise the weekend fishery (i.e., the first 12-hour 
period and the last 60-hour period) were combined. It was not possible to 
separate the CWT data collected in these two periods. 

The specific calculations and procedures followed to obtain the estimated 
contributions to the sport fishery are detailed in Appendix A4. 

Contribution to the Escapement: 

The estimates of relative contribution to the escapement by coded wire tag 
code were estimated by adapting the equations presented in Clark and Bernard 
(1987) as outlined in Appendix A4. 

RESULTS 

Fish Culture 

An estimated 160,194 chinook salmon smolt were stocked in Deception Creek on 
6 June in 1993 (Appendix Bl). Approximately 42,939 (27% of the release) were 
coded wire tagged and marked with an adipose clip. However, due to tag loss, 
39,626 (25% of the release) contained a valid coded wire tag. The tag 
retention for this release group was 93.2X, a considerable improvement over 
the 1992 tag retention of 75.9%. 

A total brood stock of 57 female and 123 male fish (a 2:l male to female 
ratio) were artificially spawned to obtain an estimated 391,500 chinook salmon 
eggs. Based on coded wire tag recovery from 133 fish examined at the weir for 
egg take, an estimated 46% (SE = 15%) of the brood stock were of hatchery 
origin (Appendix B3). Over half of these eggs will be used to produce smolt 
for the 1994 Willow Creek stocking. The remainder will be used for other 
stocking projects. 

Creel Survey Statistics 

An estimated 53,542 (SE = 1,979) angler-hours of effort were expended at 
Willow Creek in 1993 (Table 1). The total estimated harvest and catch of 
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Table 1. Estimated effort, catch and harvest by strata for fish greater or 
equal to 16 inches during the Willow Creek chinook salmon creel 
survey in 1993. 

Strata Date Number of Effort SE Catch SE Harvest SE 
anglers in 

interviewed angler-hours 

1,2&3 6/10-14 664 9,222 410 1,113 223 765 125 
4 6/15-18 685 10,960 549 1,834 243 1,088 116 
5&6 6/19-21 1,215 12,411 1,465 2,864 183 1,727 150 
7&8 6/26-28 1,314 13,699 935 2,512 204 1,642 144 
9&10 7/03-05 700 7,250 651 675 78 397 43 

Total 4,578 53,542 1,979 8,998 436 5,619 272 
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chinook salmon 16 inches and greater equalled 5,619 (SE = 272) and 8,998 
(SE = 436) fish, respectively (Table 1). During the Willow Creek fishery, 38% 
of the chinook salmon caught were released. 

EscaDement !hrVeY Statistics 

An aerial escapement index counted 2,227 chinook salmon on 20 July for Willow 
Creek. A ground survey was conducted on the escapement index area of 
Deception Creek, a tributary to Willow Creek, on 3 and 8 August; 1,221 chinook 
salmon were counted. Therefore, we estimated minimum escapement for the 
system at approximately 3,448 fish (Table 2). 

Size. Sex. and Age Comnositions 

A total of 420 chinook salmon (7.5%) was sampled from the sport harvest for 
age, length, and sex. Age class 1.3 dominated the harvest at 44X, age 1.4 
contributed 40%, and age 1.2 contributed 16%. Age class 1.5 contributed less 
than 1%. The harvest consisted of 56% males and 44% females (Table 3). Mean 
lengths of males ranged from 611 mm for age 1.2 to 1,170 mm for age 1.5. Mean 
lengths of females ranged from 595 mm for age 1.2 to 975 mm for age 1.5 
(Table 4). 

Forty-six percent of the harvest consisted of hatchery-produced fish of all 
age groups. Scales from hatchery-produced fish were indistinguishable from 
nonhatchery fish scales. Therefore, all fish are grouped together by salt- 
water age. 

Of the 308 carcasses examined during the carcass survey, 215 readable scales 
were collected. Age class 1.4 dominated at 742, age 1.3 contributed 18X, 
age 1.2 contributed 8%. Age class 1.5 contributed less than 1%. The surveyed 
carcasses consisted of 41% male and 59% female fish (Table 3). Mean lengths 
ranged from 618 mm for age-l.2 males to 1,010 mm for age-l.5 females 
(Table 4). 

Contribution of Coded Wire TaePed Stocks 

From the estimated sport harvest of 5,619 chinook salmon at the mouth of 
Willow Creek, 1,443 were examined for a missing adipose fin. Of those 
examined, 90 (6.2%) were observed to have a missing adipose fin and a decode- 
able coded wire tag. Tags from five Willow Creek releases (1989 through 1991) 
were decoded (Appendix B4). The estimated contribution to the harvest of 
hatchery-produced chinook salmon at the Willow Creek mouth fishery originating 
from fish released in the Willow Creek drainage was 2,590 fish (SE = 297) or 
46% (Table 5). The timing of the harvest of hatchery fish and nonhatchery 
fish displayed differing characteristics in 1993 (Figure 4). Both started 
equally, however the nonhatchery harvest climbed to its peak on 19-21 June 
while the hatchery harvest dropped during the same period. Hatchery harvest 
then rose again to equal the nonhatchery harvest during the 26-28 June fishing 
period after which they both dropped off. The hatchery return seemed to have 
remained at a somewhat consistent level while the nonhatchery return created a 
definite peak. 

Among the 398 carcasses examined during carcass surveys on Willow Creek, 12 
fish were found with a missing adipose fin. The six decodeable CWT's found in 
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Table 2. Estimated effort, harvest, and spawning escapement of Willow Creek chinook salmon for the period 
1979-1993. 

Willow Creek 
Escapement Indexd 

Deception Creek 
Seasm Length Effort Sport Harvest= Escapement 

in Days in ---_--------------------------------- _-------------___---~~~~~~~~~~ _I____--_--------------- 

Location of ----------------- Angler Nmhatchery Percent Ncnha tchery Percent Nonhatchery Percent 
Year Creel Surveya Weekend Weekday Daysb Totale Hatcheryf Hatchery Total Hatchery Hatchery Total Hatchery Hatchery 

1979 Hiehwav 8 975 285 285 848 239 
-4 

366 
229 
121 
675 

- ~. 
198b Highway 
1981 Mouth and highway 
1982 Mouth and highway 
1983 Mouth and highway 
1984 Mouth and highway 
1985 Mouth and highway 
1986 Mouth and highway 
1987 Mouth, highway, 

Susitna Landing 
1988 Mouth, highway, 

Susitna Landing 
1989 Mouth, highway, 

Susitna Landing 
1990 Mouth and highway 
1991 Mouth 
1992 Mouth 
1993 Mouth 

8 612 292 292 
8 540 345 345 
8 504 390 390 
8 1,811 393 393 
8 1,939 805 805 
8 2,338 763 763 
8 2,313 1,043 1,043 
8 4 3,770 1,720 1,720 

-- g 
991 
592 
771 

2,789 
1,856 
2,059 
2,768 

8 4 5,444 2,160 1,834 326 15.1 2,496 

8 8 

8 10 
10 8 

8 11 
8 10 

8,685 2,570 1.594 976 37.9 5,060 4,907 

h 
1,044 

-- 521 
h -- 692 

h -- 790 

153 3.0 800 

9,313 2,789 1,761 1,028 36.9 2,365 2,316 49 2.1 700 
10,461 2,997 2,210 787 26.3 2,006 2,006 0 0.0 747 
18,271’ 6,955 3,378 3,577 51.4 1,660 1,457 203 12.2 983 
15,298 5,619 3,029 2,590 46.1 2,227 1,935 292 13.1 1,221 

-- h 
h -- 

364 157 30.1 
518 174 25.1 

537 253 32.0 

623 177 22.1 

420 280 40.0 
515 232 31.1 
423 560 57.0 
502 719 59.0 

Creel survey sites changed from year to year to accommodate the evolving fishery. 
Source of data: Watsjold 1980 and 1981; Bentz 1982 and 1983; Hepler and Bentz 1984, 1985, 1986 and 1987; 
Hepler et al. 1988 and 1989; Sweet and Webster 1990; Sweet et al. 1991; Peltz and Sweet 1992. In years 
where effort in angler-days was not reported, total estimated effort was divided by the mean length of 
the angler-day to obtain the number of angler-days. 
A harvest quota of 300 chinook salmon governed the fishery from 1979 through 1983. 
Escapement index counts are from aerial counts during peak spawning activity. 
All harvest estimates are from inseason creel surveys. 
All hatchery harvest estimates are from coded wire tag recovery programs associated with the creel 
survey. 
No survey 
Small numbers of hatchery fish probably returned but recovery of coded wire tags was not recorded. All 
production was attributed to nonhatchery fish returns. 
Effort in angler days assumed to equal the number of angler-trips estimated during angler catch and 
harvest distribution analysis. 



Table 3. Sex and age composition of chinook salmon sampled from the 
Willow Creek sport fishery and carcass surveys in 1993. 

Fishery Sex 1.1 1.2 1.3 1.4 1.5 2.2 2.3 2.4 Total 

Creel survey 

Male Harvest 0 885 1,294 966 8 0 0 0 3,254 
Percent 0.0 15.8 23.0 17.2 0.2 0.0 0.0 0.0 56.1 
SJI (%) 0.0 1.7 2.1 1.9 0.1 0.0 0.0 0.0 2.5 

Pemal e Harvest 0 36 1,152 1,251 25 0 0 0 2,465 
Percent 0.0 0.7 20.1 22.2 0.5 0.0 0.0 0.0 43.9 
SE (%) 0.0 0.5 2.0 2.1 0.3 0 0 0 2.5 

Ccmb ined 
(n=420)b 

Harvest 0 921 2,446 2,218 33 0 0 0 
Percent 0.0 16.4 43.5 39.5 0.6 0.0 0.0 0.0 
tz (%I 0.0 1.8 2.4 2.4 0.3 0.0 0.0 0.0 

Carcass surveys 

Male Index 0 17 18 54 0 0 0 0 89 
Percent 0.0 7.9 8.4 25.1 0.0 0.0 0.0 0.0 41.4 
SW%) 0.0 1.8 1.9 3.0 0.0 0.0 0.0 0.0 3.4 

Female Index 0 0 20 105 1 0 0 0 126 
Percent 0.0 0.0 9.3 48.8 0.5 0.0 0.0 0.0 58.6 
W%) 0.0 0.0 2.0 3.4 0.5 0.0 0.0 0.0 3.4 

5,619 
100.0 

Canb ined Index 0 17 38 159 1 0 0 0 215 
Percent 0.0 7.8 17.7 74.0 0.5 0.0 0.0 0.0 100.0 
SE w 0.0 1.8 2.6 3.0 0.5 0.0 0.0 0.0 

a Approximately 50% of the Willow Creek mouth harvest consisted of 
hatchery-produced fish whose ages were 0.1, 0.2, 0.3 or 0.4. Scales 
from hatchery-produced fish were indistinguishable from wild fish 
scales. Therefore, both are included in age groups 1.1, 1.2, 1.3 and 
1.4. 

b n = sample size. 
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Table 4. Mean length (mid-eye to fork-of-tail) in millimeters, by sex and 
age group, of Willow Creek chinook salmon sampled from the sport 
fishery and carcass surveys in 1993. 

Fishery Sax 1.1 1.2 1.3 1.4 1.5 2.2 2.3 2.4 Total 

Creel Surveya: 
Male 

Female 

All 

Carcass Surveys: 
Male 

Female 

All 

MeZUl 611 798 966 
Standard Error 5.3 5.7 9.7 
Smple Size 0 76 100 70 
Mt?Zltl 595 811 925 
Standard Error 5.0 4.8 7.5 
Sarrple Size 0 2 87 81 
MeiXl 611 804 944 
Standard Error 5.2 3.8 6.2 
Sample Size 0 78 187 151 

Mean 
Standard Error 
Smple Size 
MeZXl 
Standard Error 
Sample Size 
Mean 
Standard Error 
Sample Size 

618 
9.8 

0 17 

0 0 

618 
9.8 

0 17 

792 980 
10.7 9.5 

18 54 
818 921 
9.7 4.5 

20 105 
806 941 
7.4 4.9 

38 159 

1,170 

1 0 0 0 
975 

45.0 
2 0 0 0 

1,040 
70.0 

3 0 0 0 

0 0 0 0 

1,010 

1 0 0 0 
1,010 

1 0 0 0 

9.7 
247 
864 
6.5 
172 
820 
6.5 
419 

873 
16.6 

89 
905 
5.3 
126 
892 
7.6 
215 

a Approximately 50% of the Willow Creek mouth harvest consisted of 
hatchery-produced fish whose ages were 0.1, 0.2, 0.3 or 0.4. Scales from 
hatchery-produced fish were indistinguishable from wild fish scales. 
Therefore, both are included in Willow Creek age groups 1.1, 1.2, 1.3 and 
1.4. 
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Table 5. Estimated contribution of hatchery produced chinook salmon in the Willow Creek sport 
fishery harvest, 1993. 

Strata 1,2&3 4 5&6 7&8 9610 Total 

Date 6/10-14 6/15-18 6/19-21 6/26-28 7/3-s 

Harvest 765 1,088 1,727 1,642 397 5,619 
SE 125 116 150 144 43 272 

Tag code Release Contr.a SE % Contr.a SE % CcKltr.a SE % Ccntr.a SE % Ccntr.a SE % Contr.a SE % 

31-17-60 Willow 89 70 74 9.2 109 78 10.0 0 0 0.0 203 125 12.4 0 0 0.0 382 

31-17-34 Willow 90 121 59 15.8 283 84 26.0 173 77 10.0 29 31 1.8 113 40 28.5 719 

31-18-52 Willow 90 62 43 8.1 120 55 11.0 88 47 5.1 150 68 9.1 33 20 8.3 453 

31-18-51 Willow 90 31 33 4.1 121 55 11.1 118 62 6.8 332 97 20.2 66 29 16.6 668 

Total 90 214 80 28.0 524 114 48.1 379 109 21.9 511 122 31.1 212 50 53.4 1,840 

31-19-33 Willow 91 72 50 9.4 84 47 7.7 69 49 4.0 105 65 6.4 38 24 9.6 368 

164 6.8 

138 12.8 

110 8.1 

135 11.9 

222 32.8 

109 6.5 

Total 356 120 46.6 717 139 65.8 448 120 25.9 819 187 49.9 250 59 63.0 2,590 297 46.1 

a Contribution of hatchery fish to the harvest. 
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Figure 4. Number of nonhatchery and hatchery Willow Creek chinook salmon harvested by stratum, 
1993. 



the heads of these fish were from 1989 and 1990 Willow Creek releases 
(Appendix B3). The estimated relative hatchery contribution to the Willow 
Creek escapement was 13% (SE = 6%). Deception Creek carcass surveys resulted 
in 308 carcasses examined, 40 adipose finclips observed and 23 decodeable tags 
recovered. These tagged fish originated from the Willow Creek 1989, 1990 and 
1991 releases (Appendix B3). Based on these tag recoveries, the estimated 
relative hatchery contribution to the Deception Creek escapement was 64% 
(SE = 14%). During the Deception Creek weir egg take, 133 fish were examined 
and 11 adipose finclips were observed. All 11 fish contained decodeable coded 
wire tags representing the 1989, 1990 and 1991 Willow Creek releases (Appendix 
B3). Based on these tag recoveries, the estimated relative hatchery contribu- 
tion to the egg take was 46% (SE = 15%) 

Tag recoveries occurred in several commercial fisheries for which no hatchery 
contribution estimates were made (Appendix B5). Coded wire tag recoveries of 
Willow Creek chinook salmon in the Willow Creek creel survey, Willow Creek 
escapement surveys, and Deception Creek escapement (egg take and carcass 
survey) for 1986-1993 are listed in Appendix B6. The estimated hatchery 
return of Willow Creek releases to the Willow Creek creel survey, Willow Creek 
escapement survey, and Deception Creek escapement (egg take and carcass 
survey) for 1986-1993 are listed in Appendix B7. 

DISCUSSION 

The Willow Creek chinook salmon fishery has existed annually since 1979 
(Table 2). From 1979 to 1993, the fishery has changed from a weekend-only 
fishery with a harvest quota of 300 fish to a 19-day season with a harvest 
reaching 7,000 fish. Harvest patterns have also changed. The initial fishery 
in 1979 took place at the Parks Highway bridge. The construction of a road to 
the stream mouth in 1988 has shifted the majority of the fishery downstream to 
the mouth area. Fishery monitoring has changed over time to adjust to changes 
in the fishery. Consequently, direct comparisons of data among years is in 
some instances of limited value. It is possible, however, to make some 
general observations. Participation and harvests in the fishery have grown 
substantially since 1979 (Figure 5). Harvest of nonhatchery fish gradually 
increased approximately ten-fold from 1979 through 1993 (Figure 6). Harvests 
of nonhatchery fish increased substantially during 1984, 1987, and 1992. 
These steps in the harvest are most likely correlated to events such as adding 
additional fishing time and improvements in access. The 1992 increase in the 
harvest of nonhatchery fish is most likely a result of the popularity of this 
fishery relating to the large return of hatchery fish. The hatchery fish 
harvest exceeded the nonhatchery fish harvest for the first time in 1992. 
During the 1993 season the nonhatchery harvest again exceeded the hatchery 
harvest. The combined nonhatchery and hatchery fish spawning escapement in 
1992 and 1993 contained a slightly higher percentage of hatchery fish than 
previous years. During 1993 the nonhatchery fish escapement was comparable to 
historical levels (Figure 7). 

Fish Culture 

The 1993 egg take of 391,500 eggs was sufficient to meet the Willow Creek 
program goal and provide eggs for planned area landlocked lake stockings. In 
an effort to increase genetic diversity, a 2:l male to female ratio was used 
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Figure 5. Numbers of chinook salmon harvested and angler days of effort expended sport fishing 
on Willow Creek, 1979-1993. 
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Figure 6. Numbers of nonhatchery and hatchery chinook salmon harvested in Willow Creek, 1979- 
1993. 
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Creek escapement index, 1979-1993. 



for spawning. A total of 180 fish was used for brood stock. Unless there is 
a shortage of natural spawners, this practice should continue in the future. 

Creel Survey Statistics 

The 1993 angler effort, harvest and catch decreased slightly from 1992. In 
1993, an estimated 53,542 angler-hours of effort were expended, a decrease of 
approximately 12,500 from 1992. This decrease may be attributable to differ- 
ences in the. calendar years. Willow Creek is open to continuous fishing 
through the third Monday in June and on Saturday, Sunday, and Monday for 
2 consecutive weeks commencing on the fourth Saturday in June. In 1992, the 
fishery was open continuously through June 15. In 1993, the fishery was open 
continuously through June 21. Due to a large return and the early closure of 
continuous fishing in 1992, additional fishing days were added by emergency 
order during the peak of the season. To address conservation concerns and 
since continuous fishing extended until June 21 in 1993, no extra days were 
added during the peak of the fishery. Consequently, even though the number of 
days open to fishing was almost identical between years, the different time 
periods in which the effort was applied may have resulted in a decrease in 
participation in 1993. The harvest and catch followed a trend similar to the 
effort. Even though down from 1992, the 1993 effort, harvest and catch are 
well above all other previous years (Table 2). 

A creel survey has been conducted on the Willow Creek chinook salmon fishery 
since 1979. The primary purpose of the creel survey is to collect inseason 
estimates of effort, harvest and catch. However, the present management 
scheme in conjunction with preseason forecasting has greatly reduced the 
functional utility of the inseason estimates generated from the creel survey. 
The amount of future fishing effort will probably remain between 10,000 and 
20,000 angler-days per year. Effort is dependent on the numbers of returning 
fish and the length of the season, neither of which are anticipated to 
increase much beyond existing levels. Consequently, quantifying effort is 
probably not necessary. Harvest statistics are necessary to monitor yearly 
performance of the fishery and the enhancement program. However, these 
statistics are available from another source. Table 6 compares harvest 
estimates from the creel survey to those generated from the statewide harvest 
mail survey (SHS). The numbers are comparable for every year. Since 1987 the 
SHS estimate has been larger than the creel survey estimate. This is probably 
attributable to the fact that the SHS estimates the chinook salmon harvest in 
all of Willow Creek and the creel survey has primarily estimated harvest at 
the mouth of Willow Creek. Catch estimates, although not as important as 
harvest, can also be obtained from the SHS. Consequently, a creel survey to 
determine harvest, effort and catch is no longer necessary. Harvest can be 
obtained from the SHS. Also, effort and harvest trends and the abundance of 
fish in the creek can be determined through onsite presence without the formal 
creel survey procedure. 

Escauement Survey Statistics 

The spawning escapement surveys on Willow and Deception creeks served as 
functional indices of the spawning population. These surveys were necessary 
to measure the effectiveness of fisheries management in obtaining the escape- 
ment goal. The main function of the carcass surveys was to estimate the 
relative hatchery contribution to the mainstem of Willow Creek and Deception 
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Table 6. Comparison of the statewide harvest survey and creel 
survey harvest estimates for Willow Creek chinook 
salmon, 1979-1992. 

Year Statewide Harvest Surveya Creel Surveyb 

1979 459 285 
1980 289 292 
1981 585 345 
1982 629 390 
1983 534 393 
1984 774 805 
1985 1,063 763 
1986 1,017 1,043 
1987 1,987 1,720 
1988 2,349 2,160 
1989 2,846 2,570 
1990 3,237 2,789 
1991 3,208 2,997 
1992 8,884 6,955 

a Estimates include fish under 16 inches in length and harvest 
from the entire fishery. 

b Creel survey estimates do not reflect the number of fish 
under 16 inches or harvest from the entire fishery during 
all years. 
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Creek. In 1993, the relative contribution of hatchery produced fish spawning 
in mainstem Willow Creek was 13.1%, the largest hatchery percentage to date 
(Table 2). This contribution was similar to the 1992 contribution of 12.2%, 
both of which are well above all previous years. The increase is probably due 
to the substantial increase in hatchery returns overall making it more likely 
to recover a hatchery fish in the escapement. The 1993 hatchery contribution 
(59%) in the Deception Creek escapement was also the highest percentage to 
date with the 1992 contribution only slightly lower (57%). This is similar to 
the increase in Willow Creek and is probably also caused by the large increase 
in the return of hatchery fish (Table 2). Carcass surveys on the mainstem of 
Willow Creek and Deception Creek should continue in 1994 to determine the 
contribution of hatchery fish to the escapement. 

Size. Sex. and Ane Comnositions 

Comparison of age composition between creel survey and carcass survey data 
revealed a higher proportion of age-l.4 fish in the carcass sample, 40% versus 
74%. Levels of age-l.3 fish in the creel and carcass surveys were 44% and 
182, respectively, age-l.2 composition was 16% and 9%, respectively. This 
year, as in past years, the carcass survey resulted in a higher percentage of 
large fish than the creel survey. The probable explanation is that larger 
fish have a greater chance of being observed during the carcass survey simply 
because they are larger and more easily visible. They also would be available 
for sampling longer because they would not wash away or decompose as quickly 
as smaller fish. Although creel surveys also have certain potential biases 
(Peltz and Sweet 19931, in all likelihood they provide the best estimate of 
age composition of the returning chinook salmon. The age composition data 
from the carcass survey are of limited use and should be discontinued in the 
future. 

As indicated in previous reports, it is possible to use historical age, 
length, and sex data from sport harvested chinook salmon from Willow Creek to 
determine trends in these parameters for the sport harvested population (Peltz 
and Sweet 1992, 1993). Age composition data from the sport harvest have been 
collected since 1979 (Appendix B8). If the age composition of the escapement 
is the same as that of the sport harvest, we can construct a brood table which 
lists the age composition by brood year rather than year at return. Data 
collected prior to significant interaction of hatchery produced fish indicate 
that the majority of fish (60.3%) return after 4 years residence in the ocean 
with lesser numbers after 3 (26.7%) and 2 (13.0%) years (Table 7, Figure 8). 
We now have two complete brood year returns, 1986 and 1987, since significant 
numbers of hatchery fish have been added. Comparison of hatchery and 
nonhatchery returns by age class for the 1986 brood year reveals approximately 
20% fewer hatchery fish returning as 4-ocean fish. The same trend is seen in 
the 1987 brood year where there are also approximately 20% fewer 4-ocean 
hatchery fish returning. The 1986 brood year 2-ocean return of hatchery fish 
is twice the nonhatchery return and well above the historical mean; the 
3-ocean return of both hatchery and nonhatchery fish is comparable to the 
historical mean. The 1987 brood year hatchery and nonhatchery 2-ocean returns 
were comparable to each other and with the historical mean. The 3-ocean 
return was substantially higher for the hatchery component. On the basis of 
these two completed brood year returns it is apparent that the hatchery fish 
return at a younger age than nonhatchery fish. It is obvious that males are 
returning at a younger age since the percentage of 2-ocean fish has increased 
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Table 7. Estimated age at return of Willow Creek chinook salmon by brood 
year based on sport harvest data collected during the period 1979- 
1993. 

Estimated Number Estimated Percent 
Returning by Age Class& Returning by Age Classb 

Brood Total Total 
Yeara Origin 1.2 1.3 1.4 Return 1.2 1.3 1.4 Return 

1973 Wild 1,043 1,043 
1974 Wild 192 155 347 
1975 Wild 137 53 885 1,075 
1976 Wild 85 613 908 1,606 
1977 Wild 204 218 514 936 
1978 Wild 85 386 2,006 2,477 
1979 Wild 386 1,708 1,502 3,595 
1980 Wild 555 1,136 1,667 3,357 
1981 Wild 513 1,775 2,124 4,412 
1982 Wild 543 984 1,906 3,434 
1983 Wild 1,450 926 6,238 8,614 
1984 Wild 871 1,602 2,986 5,459 
1985 Wild 590 995 3,048 4,633 

12.8 4.9 82.3 100.0 
5.3 38.2 56.6 100.0 

21.8 23.3 54.9 100.0 
3.4 15.6 81.0 100.0 

10.7 47.5 41.8 100.0 
16.5 33.8 49.6 100.0 
11.6 40.2 48.1 100.0 
15.8 28.7 55.5 100.0 
16.8 10.7 72.4 100.0 
16.0 29.3 54.7 100.0 
12.7 21.5 65.8 100.0 

1986 Nonhatchery 850 1,295 2,851 4,996 17.0 25.9 57.1 100.0 
1987 Hatchery 1,023 833 1,084 2,940 34.8 28.3 36.9 100.0 

Total 1,873 2,128 3,935 7,936 23.6 26.8 49.6 100.0 

1987 Nonhatchery 353 1,724 2,471 4,548 7.8 37.9 54.3 100.0 
1988 Hatchery 222 1,443 793 2,458 9.0 58.7 32.2 100.0 

Total 575 3,167 3,264 7,006 8.2 45.2 46.6 100.0 

1988 Nonhatchery 820 1,700 2,521 32.6 67.4 100.0 
1989 Hatchery 1,675 2,380 4,055 41.3 58.7 100.0 

Total 2,495 4,080 6,576 38.0 62.0 100.0 

1989 Nonhatchery 1,294 1,294 100.0 100.0 
1990 Hatchery 429 429 100.0 100.0 

Total 1,723 1,723 100.0 100.0 

Brood 1975 to 1985 years Mean 13.0 26.7 60.3 
Nonhatchery brood years 1986 and 1987 Mean 12.4 31.9 56.2 
Hatchery brood years 1987 and 1988 Mean 21.9 44.5 34.6 

a Nonhatchery fish are all age 1 freshwater and hatchery fish are all age 0. 
Hatchery fish and nonhatchery fish are grouped by smolt year. 

b Other age classes exist (1.1, 1.5, 2.2, 2.3, 2.4, 2.5) but never make up 
more than 5% of the return on a combined basis. 

(3 These data assume the age composition of the Willow Creek escapement and 
sport harvest are comparable. 
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Figure 8. Willow Creek chinook salmon estimated age composition at return for brood years 1975- 
1987 based on sport harvest data. 



substantially and is almost exclusively males (jacks). In addition, l-ocean 
males have been abundant since hatchery releases were initiated. These fish 
are difficult to quantify in both creel and escapement surveys because of 
their small size (< 400 mm>. Other researchers (Bilton et al. 1984, and 
Martin and Wertheimer 1989) have documented a decline in age at return of 
hatchery releases (particularly males) as the size of the smolt increases. It 
may be possible to reduce the occurrence of jacking in the Willow Creek 
chinook salmon smolt releases by reducing the size of the smolt released. 
However, this could cause a reduction in marine survival so this course of 
action is not advocated at this time. The age at return should continue to be 
closely monitored as additional brood years complete their return. 

Comparable length (Appendix B9) and sex (Appendix BlO) data have been 
collected since 1986. Sex composition in the sport harvest varies among age 
classes. Based on the mean of data collected in 1986-1991, the majority of 
2-ocean (97%) and 3-ocean (63%) fish return as males while most 4-ocean (66%) 
fish return as females (Figure 9). When the 1992 and 1993 data are combined, 
the resulting mean percent by age class showed a significant difference 
(x2 = 5.537, df = 1, p = 0.019) for age 3-ocean fish (63% male prior to 1992 
and 54% male for 1992 and 1993 combined). This may be attributed to the shift 
in age composition caused by the increased number of jacks from the hatchery 
returns. Since more males are returning earlier after 1 and 2 years in the 
ocean, there are fewer surviving males to return as 3-ocean males. No signif- 
icant difference in sex ratio for the 4-ocean and 2-ocean age groups was 
detected (x2 = 0.007 df = 1, p = 0.935 and x2 = 5.029, df = 1, p = 0.025, 
respectively) (Figure 9). 

Based on 1986-1991 means, average length differences among age classes in the 
sport harvest are obvious with 2-ocean, 3-ocean, and 4-ocean fish averaging 
602 mm, 827 mm, and 949 mm, respectively (Appendix B9). In 1992 and 1993 the 
mean length of 2-ocean fish lies well within the 90% confidence interval (CI) 
of the historical mean indicating no change in length. The 1992 3-ocean and 
4-ocean fish, however, lie slightly below the historical mean CI indicating a 
possible decrease in mean length during that year. The 1993 3-ocean and 
4-ocean mean lengths, however, lie within the historical mean CI indicating no 
change in mean length (Figure 10). Scale samples and length measurements 
should continue to be collected from the sport harvest as additional data to 
monitor any trends in decreasing length and changing sex ratios are needed. 

Contribution of Coded Wire Tagged Stocks 

The 1993 estimated hatchery contribution to the Willow Creek chinook salmon 
fishery was the second largest to date (Table 2). The total predicted 
hatchery return for 1993 was 6,986 (Peltz and Sweet 1993). The estimated 
actual hatchery return was 3,602 fish (Appendix B7). The predicted return of 
4-ocean fish was much greater than the actual estimated return, 2,528 and 793, 
respectively. The same was true of 3-ocean fish with 3,440 predicted and 
2,380 actual estimated returns. The predicted return of 2-ocean fish was 
1,018 with an estimated actual return of 429 (Table 8). 

Past performance of hatchery smolt stocking at Willow Creek has been well 
below expectations. Nine brood years of chinook salmon smolt have been 
stocked since the Willow Creek project started in 1983 (Appendix Bl). Returns 
from brood years 1983, 1984, and 1985 are completed and were far below 
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Figure 10. Willow Creek chinook salmon estimated mean length by age class from sport harvests 
for the period 1986-1993. 



Table 8. Comparison of predicted returns and estimated actual returns to 
Willow Creek, 1992-1994. 

4 ocean 

Ret.4.un 

YSU- Nonha tchery Hatchery Total 

Est acta Predb Est acta Predb Est acta Predb 

1992= 2,851 3,258 1,084 2,819 3,935 6,077 

1993= 2,471 3,258 793 2,528 3,264 5,786 

19944 3,209 2,089 5,298 

Return 

2 Ocean 

YEU- Nonhatchery 

Est acta Predb 

Hatchery Total 

Est acta Predb Est acta Predb 

1992= 820 512 1,675 2,556 2,495 3,068 

1993= 1,294 566 429 1,018 1,723 1,584 

19944 784 474 1,258 

3 Ocean 

Nonhatchery Hatchery Total 

Est acta Pre& Est acta Pr& Est acta Pr& 

1,724 725 1,443 456 3,167 1,181 

1,700 1,684 2,380 3,440 4,080 5,124 

3,451 858 4,309 

Total 

Ncnhatchery Hatchery Total 

Est acta Predb Est. acta Pre& Est acta Predb 

5,395 4,495 4,202 5,831 9,597 10,326 
56% 44% 44% 56% 

5,465 5,508 3,602 6,986 9,067 12,494 

60% 44% 40% 56% 

7,444 3,421 10,865 

a Estimated actual return (harvest plus escapement). 

b Predicted return using age composition by brood year, Peltz and Sweet (1992 
and 1993). 

c Hatchery and nonhatchery returns were calculated using the historical age 
composition combining hatchery and nonhatchery returns. 

d Age composition used for calculating returns was derived separately for 
hatchery and nonhatchery returns from recent brood years. 
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expectations (Figure 11). However, the 1987 (1.5% minimum survival) and 1988 
(1% minimum survival) brood years have shown a considerable improvement over 
past years (Figure 11, Appendix Bl). The current rate of return has provided 
sufficient numbers of available chinook salmon to meet our project goal. 
However, these returns have included returns from a release of 650,000 fish 
which contributed heavily to the returns in 1992 and 1993. Although still 
incomplete, returns from subsequent brood years indicate returns similar to 
brood years 1987 and 1988 (Figure 11). If we continue to accomplish a l%-1.5% 
return from a 200,000 fish release we can expect 2,000 to 3,000 fish available 
for harvest. We will then fall short of our goal of 4,000. 

Enhancement Program Evaluation 

Success of the Willow Creek chinook salmon enhancement program was measured 
through attainment of three goals. 

The first program goal is to maintain the quality and quantity of natural 
chinook salmon production. The escapement index goal for Willow and Deception 
creeks is 2,600 naturally spawning fish. This historic quantity of natural 
chinook salmon production has been maintained every year since the introduc- 
tion of hatchery fish as evidenced by attainment of the annual index of 2,600 
fish (Table 2). 

In order to measure maintenance of fish quality we need size, age and sex 
composition data from enhanced returns. Returns from the first three brood 
years (1983-1985) were too small to provide meaningful information to the 
database and no eggs were collected in 1986. Returns from the 1987 and 1988 
brood years were completed in 1992 and 1993 and provided our first data for 
comparison to previous years. These data suggest that the hatchery-produced 
fish return at a younger age than nonhatchery fish and may be smaller in size. 
Subsequent brood years are not yet complete and should be monitored for these 
trends. The historic age, length and sex data compiled in Appendices B8, B9, 
and BlO as well as Figures 8, 9 and 10 should provide a basis for future 
comparison. 

Another indicator of quality is maintenance of historic harvest timing 
(Appendix Bll). For Willow Creek, however, the harvest pattern reflects 
fishing opportunity and does not necessarily reflect the availability of fish 
to be harvested. For example in 1992, with the opening of 4 additional week- 
days during the 22-29 June time period, there were 7 days available to harvest 
fish compared to 3 in past years. The added fishing time increased the 
percent of the total harvest taken during this period. Also, the fishery was 
closed 30 June through 3 July which in the past has been a period of high 
harvest (Appendix Bll). It opened again on 4-6 July allowing only 3 days 
fishing opportunity from 29 June through 11 July resulting in a small percent 
of the total harvest being taken during this time period. Appendix Bll 
indicates the final time period (approximately the first week in July) in 1992 
and 1993 has a reduced percentage of the harvest compared to previous years. 
This may be due to the lateness of the open dates combined with the fishery 
characteristics. In the earlier years people fished the Parks Highway area of 
the creek more heavily whereas now very little effort is in this upstream 
area. With the historical changes in the characteristics of this fishery and 
the varied dates which are open for fishing it is difficult to detect changing 
trends in harvest timing. 
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The second program goal is to produce (through supplemental hatchery 
production) 6,000 returning chinook salmon adults (3% marine survival from a 
200,000 fish release) of which 4,000 (2% of a 200,000 fish release) are avail- 
able for harvest in Willow Creek. Returns from the first three brood years 
did not come close to equaling this projection (Figure 11). However, returns 
from subsequent releases indicate that the difference between projected and 
actual returns has decreased considerably (Figures 11 and 12). Hatchery 
returns of approximately 4,300 fish in 1992 exceeded our goal while the 1993 
hatchery return of approximately 3,600 fish nearly attained our goal. 
However, both these return years included fish from a 650,000 smolt release in 
1989. A smolt release of 400,000 in 1990 also contributed to the 1993 return. 
If we maintain the 1X-1.5% survival that resulted from the 1987 and 1988 brood 
years and release 200,000 fish as planned, we can expect a return of approxi- 
mately 2,000 to 3,000 hatchery fish. This will be short of our 4,000 fish 
goal. If the 4,000 fish return goal is to be maintained, approximately 
100,000 to 200,000 additional smolt will need to be stocked. 

Utilizing data from the brood table (Table 7) and historic age composition 
(Appendix B8) allowed us to project 1993 returns (Peltz and Sweet 1993) at an 
estimated 12,500 fish, of which approximately 56% would be of hatchery origin. 
The actual estimated return in 1993 was 5,619 harvest and 3,448 escapement 
index for a minimum of 9,067 of which approximately 40% or 3,602 fish were of 
hatchery origin. Comparison of the predicted and estimated actual returns are 
presented in Table 8. The prediction of nonhatchery returns has been quite 
accurate. However, prediction of hatchery returns has been poor. The poor 
prediction of hatchery returns has two probable causes. The first cause is 
that after two complete brood year returns it appears that age composition by 
brood year differs for hatchery and nonhatchery returns (Table 7). The second 
cause is that survival rates have not reached the assumed level of 2% 
(Appendix Bl>. Consequently, in order to improve our estimation of hatchery 
returns, the estimated return for 1994 in Appendix B12 has been calculated 
using the separate hatchery and nonhatchery age composition percentages in 
Table 7 and the assumed survival rate has been reduced to 1%. The predicted 
return of hatchery fish in 1994 is approximately 3,400, very close to our goal 
of 4,000. However, again this return results from smolt releases of 650,000 
and 400,000 fish. The overall predicted return in 1994 is approximately 
11,000 (Appendix B12). As we acquire additional years of data the prediction 
of future returns will become more refined. 

The last goal of the enhancement program was to provide a minimum of 15,000 
angler-days of participation during the period 10 June thru 10 July. Angler 
participation seems to be driven by the opportunity to catch fish. We have 
had a large increase in hatchery returns in the past 2 years, which combined 
with a stable return of over 4,000 nonhatchery fish since 1987 has resulted in 
a corresponding increase in angler effort. In 1992 we exceeded our goal by 
3,000 angler-days and in 1993 we attained our goal of 15,000 angler-days. 
During these 2 years, the combined return of hatchery and nonhatchery chinook 
salmon was over 9,000 fish. If the combined hatchery and nonhatchery returns 
remain near 9,000 fish we may be able to maintain our goal of providing 15,000 
angler-days of fishing a year. 

The program goals of this project have undergone changes from the original 
goals stated in Peltz and Sweet (1992). The basis of these changes is 
documented in the previous reports by Peltz and Sweet (1992 and 1993). These 
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Figure 12. Willow Creek chinook salmon projected and actual hatchery returns for the period 
1987-1993 assuming a 2% return. 



reports also established the database for measuring the performance and 
success of the Willow Creek chinook salmon enhancement program. The develop- 
mental phase of this project is now complete and based on data assimilated to 
date, the Willow Creek chinook salmon project appears to be successful. 
However, monitoring certain parameters is still necessary to assure that our 
initial assessment of success is accurate. Additional monitoring in the 
future may be accomplished at reduced levels of manpower and funding if 
recommendations in this report are adopted. 

RECOMMENDATIONS 

Based on data analysis and discussion presented in this report, we recommend 
the following: 

1. Discontinue the creel survey monitoring the sport fishery for 
statistically valid estimates of effort, harvest and catch. The 
Statewide Harvest Survey should be an adequate source for finalized 
estimates of these data. 

2. Continue to obtain age, length, and sex data from sport harvests. 
Discontinue sampling of carcasses in escapement surveys. 

3. Continue to monitor the sport harvest for adipose finclipped fish 
and collect heads for coded wire tag recovery. 

4. Examination of carcasses for adipose finclipped fish and collection 
of heads for coded wire tag recovery in escapement surveys should 
continue to determine if hatchery fish are spawning with nonhatchery 
fish in mainstem Willow Creek. 

5. The brood table developed has potential as a valuable management 
tool. The projected total return of fish to Willow Creek in 1992 
and 1993 was close to actual return numbers. This process should be 
further refined as more data are assimilated. Yearly projections 
can be used to help form management strategies for the upcoming 
year. Without the creel survey there is no estimate of harvest 
available prior to the beginning of the next season. Consequently, 
if predicting returns is important to managers, another method of 
obtaining an estimate of harvest must be developed. 

6. Since the developmental stage of this project is complete, yearly 
reports are no longer necessary. Existing databases should be 
maintained and yearly statistics of interest can be included in the 
Cook Inlet Area Management Report. A periodic progress report 
should be written to document the future success or failure of the 
project. The next detailed report should be written following data 
collection in 1996. 

-35- 



ACKNOWLEDGMENTS 

This report represents the efforts of several persons not named in the text 
who substantially contributed to a successful field season and reporting 
process. The authors wish to thank the following technicians who collected 
the data: Elmer Feltz, Bob Dyerick, Michael Peel, Ed Snyder, and Lee Cheney. 
Special thanks go to Larry Bartlett for his assistance during the planning 
phase of this project. Appreciation is also given to Research and Technical 
Services staff, especially Donna Buchholz and Gail Heineman, who diligently 
processed all mark-sense data forms and provided electronic data files; and 
Allen Bingham and Keith Webster who provided invaluable biometric support. We 
are also grateful to Margaret Leonard and Gwyn Alexander for editing and 
preparing this report for publication. 

LITERATURE CITED 

ADF&G (Alaska Department of Fish and Game). 1983. Fish culture manual. 
Alaska Department of Fish and Game, Fisheries Rehabilitation, 
Enhancement and Development Division, Juneau. 

Bentz, R. W. 1982. Inventory and cataloging of the sport fish and sport fish 
waters in upper Cook Inlet. Alaska Department of Fish and Game. 
Federal Aid in Fish Restoration, Annual Performance Report, 1981- 
1982, Project F-9-14, 23 (G-I-D):76-112, Juneau. 

-* 1983. Inventory and cataloging of sport fish and sport fish waters 
in upper Cook Inlet. Alaska Department of Fish and Game. Federal Aid 
in Fish Restoration, Annual Performance Report, 1982-1983, Project 
F-9-15, 24 (G-I-D):59-104, Juneau. 

Bernard, D. R., A. E. Bingham, and M. Alexandersdottir. In prep. The 
mechanics of conducting onsite creel surveys in Alaska. Alaska 
Department of Fish and Game, Special Publication, Anchorage. 

Bilton, H. T., R. B. Morley, A. S. Coburn, and J. Van Tine. 1984. The 
influence of time and size at release of juvenile coho salmon 
(Oncorhynchus kisutch) on returns at maturity: results of releases from 
Quinsam River Hatchery, B.C., in 1980. Canadian Technical Report of 
Fisheries and Aquatic Sciences No. 1306. 

Chlupach, R. S. 1990. Southcentral sport fisheries enhancement. Alaska 
Department of Fish and Game. Division of Fisheries Rehabilitation, 
Enhancement, and Development. Federal Aid in Fish Restoration, 
Project F-27-R, Volume 5, Number 2, Anchorage. 

CIRPT (Cook Inlet Regional Planning Team). 1981. Cook Inlet regional salmon 
enhancement plan 1981-2000. Alaska Department of Fish and Game, 
Anchorage. 

Clark, J. E. and D. R. Bernard. 1987. A compound multivariate binomial- 
hypergeometric distribution describing coded microwire tag recovery from 
commercial salmon catches in southeastern Alaska. Alaska Department of 
Fish and Game, Informational Leaflet No. 261, Juneau. 

-36- 



LITERATURE CITED (Continued) 

Clutter, R. I. and L. E. Whitesel. 1956. Collection and interpretation of 
sockeye salmon scales. Bulletin IX of the International Pacific Salmon 
Fisheries Commission, New Westminster, British Columbia, Canada. 

Cochran, W. G. 1977. Sampling techniques, third edition. John Wiley and 
Sons, New York. 

Efron, B. 1982. The jackknife, the bootstrap and other resampling plans. 
Society for Industrial and Applied Mathematics, CBMS-NSF Monograph 38, 
Philadelphia, Pennsylvania. 

Goodman, L. A. 1960. On the exact variance .of products. Journal of the 
American Statistical Association 55:708-713. 

Hepler, K. R. and R. W. Bentz. 1984. Chinook salmon population and angler 
use studies of upper Cook Inlet waters. Alaska Department of Fish and 
Game. Federal Aid in Fish Restoration, Annual Performance Report, 1983- 
1984, Project F-9-16, 25 (G-II-M):40-58, Juneau. 

-* 1985. Chinook salmon population and angler use studies of northern 
Cook Inlet waters. Alaska Department of Fish and Game. Federal Aid in 
Fish Restoration, Annual Performance Report, 1984-1985, Project F-9-17, 
26 (G-II-M):150-172, Juneau. 

-- 1986. Cook Inlet chinook salmon studies. Alaska Department of Fish 
and Game. Federal Aid in Fish Restoration, Annual Performance Report, 
1985-1986, Project F-10-1, 27 (S-32-7 and 8):174-195, Juneau. 

. 1987. Harvest, effort, and escapement statistics for selected 
chinook salmon (Oncorhynchus tshawytscha) sport fisheries in northern 
Cook Inlet, Alaska, 1986. Alaska Department of Fish and Game, Fishery 
Data Series No. 8, Juneau. 

Hepler, K. R., R. Conrad, and D. Vincent-Lang. 1988. Estimates of effort and 
harvest for selected sport fisheries for chinook salmon in northern Cook 
Inlet, Alaska, 1987. Alaska Department of Fish and Game, Fishery Data 
Series No. 59, Juneau. 

Hepler, K. R., A. Hoffmann, and D. Vincent-Lang. 1989. Estimates of effort 
and harvest for selected sport fisheries for chinook salmon in northern 
Cook Inlet, Alaska, 1988. Alaska Department of Fish and Game, Fishery 
Data Series No. 85, Juneau. 

Kish, L. 1965. Survey sampling, John Wiley and Sons, New York. 

Koo, T. S. Y. 1962. Age designation in salmon. Pages 37-48 in Studies of 
Alaska Red Salmon. University of Washington Publications in Fisheries, 
New Series Volume 1, Seattle, Washington. 

Martin, R. M. and A. Wertheimer. 1989. Adult production of chinook salmon 
reared at different densities and released as two smolt sizes. 
Progressive Fish Culturist 51:194-200. 

-37- 



LITERATURE CITED (Continued) 

Mills, M. J. 1980. Alaska statewide sport fish harvest studies. Alaska 
Department of Fish and Game. Federal Aid in Fish Restoration, Annual 
Performance Report, 1979-1980, Project F-9-12, 21 (SW-l-A), Juneau. 

. 1981a. Alaska statewide sport fish harvest studies (1979). Alaska 
Department of Fish and Game. Federal Aid in Fish Restoration, Annual 
Performance Report, 1980-1981, Project F-9-13, 22 (SW-I-A), Juneau. 

-* 1981b. Alaska statewide sport fish harvest studies (1980). Alaska 
Department of Fish and Game. Federal Aid in Fish Restoration, Annual 
Performance Report, 1980-1981, Project F-9-13, 22 (SW-I-A), Juneau. 

. 1982. Alaska statewide sport fish harvest studies (1981). Alaska 
Department of Fish and Game. Federal Aid in Fish Restoration, Annual 
Performance Report, 1981-1982, Project F-9-14, 23 (SW-l-A), Juneau. 

-- 1983. Alaska statewide sport fish harvest studies (1982). Alaska 
Department of Fish and Game. Federal Aid in Fish Restoration, Annual 
Performance Report, 1982-1983, Project F-9-15, 24 (SW-l-A), Juneau. 

-* 1984. Alaska statewide sport fish harvest studies (1983). Alaska 
Department of Fish and Game. Federal Aid in Fish Restoration, Annual 
Performance Report, 1983-1984, Project F-9-16, 25 (SW-l-A), Juneau. 

1985. Alaska statewide sport fish harvest studies (1984). Alaska 
Department of Fish and Game. Federal Aid in Fish Restoration, Annual 
Performance Report, 1984-1985, Project F-9-17, 26 (SW-l-A), Juneau. 

-* 1986. Alaska statewide sport fish harvest studies (1985). Alaska 
Department of Fish and Game. Federal Aid in Fish Restoration, Annual 
Performance Report, 1985-1986, Project F-10-1, 27 CRT-21, Juneau. 

. 1987. Alaska statewide sport fisheries harvest report 1986. Alaska 
Department of Fish and Game, Fishery Data Series No. 2, Anchorage. 

. 1988. Alaska statewide sport fisheries harvest report 1987. Alaska 
Department of Fish and Game, Fishery Data Series No. 52, Anchorage. 

-* 1989. Alaska statewide sport fisheries harvest report 1988. Alaska 
Department of Fish and Game, Fishery Data Series No. 122, Anchorage. 

-* 1990. Harvest and participation in Alaska sport fisheries during 
1989. Alaska Department of Fish and Game, Fishery Data Series 
No. 90-44, Anchorage. 

-* 1991. Harvest catch and participation in Alaska sport fisheries 
during 1990. Alaska Department of Fish and Game, Fishery Data Series 
No. 91-58, Anchorage. 

. 1992. Harvest catch and participation in Alaska sport fisheries 
during 1991. Alaska Department of Fish and Game, Fishery Data Series 
No. 92-40, Anchorage. 

-38- 



LITERATURE CITED (Continued) 

. 1993. Harvest catch and participation in Alaska sport fisheries 
during 1992. Alaska Department of Fish and Game, Fishery Data Series 
No. 93-42, Anchorage. 

Mood, A. M., F. A. Graybill, and D. C. Boes. 1974. Introduction to the 
theory of statistics, third edition. McGraw-Hill Book Company, New 
York. 

Neuhold, J. M. and K. H. Lu. 1957. Creel census method. Utah State 
Department of Fish and Game, Publication 8, Salt Lake City. 

Peltz, L. R. and D. E. Sweet. 1992. Performance of the chinook salmon 
enhancement program in Willow Creek, Alaska, 1985-1991. Alaska 
Department of Fish and Game, Fishery Data Series No. 92-33, Anchorage. 

1993. Performance of the chinook salmon enhancement program in 
Willow Creek, Alaska, 1985-1992. Alaska Department of Fish and Game, 
Fishery Data Series No. 93-22, Anchorage. 

Sokal, R. R. and F. J. Rohlf. 1981. Biometry, second edition. W. H. Freeman 
and Company, New York. 

Sweet, D. E., A. E. Bingham, and K. A. Webster. 1991. Estimates of effort 
and harvest for selected sport fisheries for chinook salmon in northern 
Cook Inlet, Alaska, 1990. Alaska Department of Fish and Game, Fishery 
Data Series No. 91-6, Anchorage. 

Sweet, D. E. and K. A. Webster. 1990. Estimates of effort and harvest for 
selected sport fisheries for chinook salmon in northern Cook Inlet, 
Alaska, 1989. Alaska Department of Fish and Game, Fishery Data Series 
No. 90-32, Anchorage. 

Watsjold, D. A. 1980. Inventory and cataloging of the sport fish and sport 
fish waters in upper Cook Inlet. Alaska Department of Fish and Game. 
Federal Aid in Fish Restoration, Annual Performance Report, 1979- 
1980, Project F-9-12, 21 (G-I-D):91-120, Juneau. 

1981. Inventory and cataloging of the sport fish and sport fish 
waters in upper Cook Inlet. Alaska Department of Fish and Game. 
Federal Aid in Fish Restoration, Annual Performance Report, 1980- 
1981, Project F-9-13, 22 (G-I-D):62-85, Juneau. 

Wolter, K. M. 1985. Introduction to variance estimation. Springer-Verlag, 
New York. 

-39- 



-4o- 



APPENDIX A 

-41- 





















































Appendix B6. Coded wire tag recoveries of Willow Creek chinook salmon in the Willow Creek creel survey, 
Willow Creek escapement surveys, and Deception Creek escapement (egg take and carcass 
survey), 1986-1993. 

Brood Year 1983 1984 1985 1987 1988 1989 1990 Total Total 

Tags Fish -- 
Tag Code 31-16-42 31-16-45 31-16-47 31-17-33 31-17-27 31-17-58 31-17-60 31-17-34 31-18-51 31-18-52 31-19-33 Recovered Examined 

Year Recovery Locaticn 

1986 

1987 

1988 

1989 

1990 

A 
4 
I 

1991 

1992 

1993 

Deception Ck. E.T.a 1 2 2 0 0 0 0 0 0 0 0 5 296 

Deception Ck. E.T.a 2 6 16 0 0 0 0 0 0 0 0 24 692 

Willow Ck. C.S.b 0 2 2 0 0 0 0 0 0 0 0 4 528 

Deception Ck. E.T.a 0 1 3 1 0 0 0 0 0 0 0 5 358 
Willow Ck. C.S.b 0 10 5 0 1 0 0 0 0 0 0 16 1,005 

Willow Ck. Est. 0 1 0 0 0 0 0 0 0 0 0 1 632 

Deception Ck. E.T.a 0 3 0 1 1 0 0 0 0 0 0 5 358 

Willow Ck. C.S.b 0 1 1 0 5 33 1 0 0 0 0 41 1,309 

Willow Ck. Est. 0 0 0 1 0 1 0 0 0 0 0 2 703 

Deception Ck Esc.~ 0 0 0 2 2 22 1 0 0 0 0 27 659 

Willow Ck. C.S.b 0 0 0 0 0 19 5 0 0 0 0 24 1,063 

Willow Ck. Est. 0 0 0 0 0 0 0 0 0 0 0 0 270 

Deception Ck. Esc.~ 0 0 0 0 0 10 0 0 0 0 0 10 309 

Willow Ck C.S.b 0 0 0 0 0 48 62 46 49 74 10 289 4,607 

Willow Ck. Est. 0 0 0 0 0 2 0 0 0 1 0 3 202 

Deception Ck. Est.' 0 0 0 0 0 7 4 3 4 4 1 23 115 

Willow Ck C.S.b 0 0 0 0 0 0 6 30 25 17 12 90 1,443 

Willow Ck. Est. 0 0 0 0 0 0 3 1 1 1 0 6 398 
Deception Ck. Esc.~ 0 0 0 0 0 0 5 10 5 10 3 33 441 

Total 3 26 29 5 9 142 87 90 84 107 26 608 13,388 

a E.T. = egg take. 

b C.S. = creel survey; only chinook salmon greater than 16 inches are included. 

C Deception Creek weir and Deception Creek carcass survey combined. 



Appendix B7. Estimated hatchery return of Willow Creek releases to the Willow Creek creel survey, Willow 
Creek escapement survey, and Deception Creek escapement (egg take and carcass survey), 1986- 
1993. 

Brood Year 1983 1984 1985 1987 1988 1989 1990 Estimated 

Mininun ~ - 
Tag Code 31-16-42 31-16-45 31-16-47 31-17-33 31-17-27 31-17-58 31-17-60 31-17-34 31-18-51 31-18-52 31-19-33 Return 

Year Recovery Location 

1986 Deception Ck. E.T.a 21 68 68 0 

1987 Deception Ck. E.T.a 28 28 118 0 

1988 Willow Ck. C.S.b 0 159 167 0 

Deception Ck. E.T.a 0 55 182 16 

1989 Willow Ck. C.S.b 

Willow Ck. Est. 

Deception Ck. E.T.a 

609 320 0 47 0 0 

153 0 0 0 0 0 

128 0 16 33 0 0 

0 0 

0 0 

0 0 

0 0 

1990 Willow Ck. C.S.b 
Willow Ck. Est. 

Deception Ck Est.= 

30 56 0 152 767 23 

0 0 17 0 32 0 

0 0 11 32 224 13 

1991 Willow Ck. C.S.b 

Willcu Ck. Est. 

Deception Ck Est.= 

1992 Willow Ck. C.S.b 

Willow Ck. Est. 

Deception Ck. Esc.~ 

1993 Willow Ck. C.S.b 

Willow Ck. Est. 

Deceptim Ck. Est.= 

Total 49 1,230 911 60 264 2,940 2,458 1,373 1,286 1,396 567 12,534 

0 

0 

0 

601 186 

0 0 
232 0 

715 1,250 393 434 666 

158 45 0 0 0 

211 148 49 68 65 

0 382 719 668 453 

0 203 29 31 29 

0 208 183 85 183 

0 157 

0 174 

0 326 

0 253 

Total 579 

0 976 

0 153 

0 177 

Total 1,306 

0 1,028 

0 49 

0 280 

Total 1,357 

0 787 

0 0 

0 232 

Total 1,019 

119 3,577 

0 203 

19 560 
Total 4,340 

368 2,590 

0 292 

61 720 
Total 3,602 

a E.T. = egg take. 
b C.S. = creel survey; only chinook salmon greater than 16 inches are included. 
c Deception Creek weir and Deception Creek carcass survey combined. 



Appendix B8. Estimated yearly age composition of Willow Creek chinook 
salmon from 1979-1993 based on sport fish harvests with a 
corresponding estimate of minimum run size. 

Age Class by Percenta Estimated 
Sample Sport Escapement Minimum 

Yearb Size 1.2= 1.3= 1.4= Harvest Indices Run Size 

1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 

152 
120 
155 
308 
896 

1,113 
448 
143 
148 
344 
362 
413 
361 
664 
420 

10.0 14.0 
29.0 18.0 
12.0 36.0 

7.0 18.0 
30.0 30.0 
13.0 40.0 
14.0 24.0 
15.0 38.0 
28.0 31.0 
16.0 49.0 

7.0 19.0 
32.0 17.0 
10.0 37.0 
26.0 33.0 
16.4 43.5 

76.0 285 
53.0 292 
52.0 345 
75.0 390 
40.0 393 
47.0 805 
62.0 763 
46.0 1,043 
41.0 1,720 
35.0 2,160 
74.0 2,570 
51.0 2,789 
53.0 2,997 
41.0 6,955 
39.5 5,619 

1979-1991 
Mean 17.2 28.5 54.2 
Maximum 32.0 49.0 76.0 
Minimum 7.0 14.0 35.0 

1,087 

1,357 
821 
892 

3,464 
2,900 
2,580 
3,460 
3,286 
5,860 
3,065 
2,753 
2,643 
3,448 

1,372 
292 

1,702 
1,211 
1,285 
4,269 
3,663 
3,623 
5,180 
5,446 
8,430 
5,854 
5,750 
9,598 
9,067 

Other age classes exist (1.1, 1.5, 2.2, 2.3, 2.4, 2.5) but never make 
up more than 5% of the return on a combined basis. 

Source of data: Watsjold 1980 and 1981; Bentz 1982 and 1983; Hepler 
and Bentz 1984, 1985, 1986 and 1987; 1987, Hepler et al. 1988 and 
1989; Sweet and Webster 1990; Sweet et al. 1991; Peltz and Sweet 1992 
and 1993. 

All fish (hatchery and nonhatchery) are reported as having one 
freshwater annulus even though hatchery produced fish have no 
freshwater annulus. It is not possible to distinguish between 
hatchery and nonhatchery fish scales. 
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Appendix B9. Estimated mean lengths by age and sex for Willow Creek chinook salmon, 1986-1993. 

Age Class 1.2 1.3 1.4 

Yeara 

Male Female Ccmb ined Male Female Cmb ined Male Female Ccmb ined 

Sample Length Sample Length Length Sarrple Length Sample Length Length Sample Length Sample Length Length 

Size Cm) Size (mn) Cm) SE Size (m) Size (ml Cm) 93 Size (ma) Size cm (ml SE 

1986 22 642 0 0 642 3.0 22 

1987 35 600 0 0 600 14.0 33 

1988 61 619 6 690 625 15.0 133 

1989 36 578 0 0 578 12.0 63 

1990 173 575 0 0 575 16.0 61 

1991 56 594 0 0 594 48.0 117 

1992 224 611 0 0 611 3.1 101 

1993 76 611 2 595 611 5.2 100 

841 

841 

822 

790 

801 

786 

741 

798 

33 861 

13 883 

95 836 

27 835 

23 871 

66 830 

87 766 

87 811 

853 2.0 

853 13.1 

17 1027 

20 961 

828 6.0 70 975 

804 9.8 

820 19.8 

112 952 

88 983 

802 14.9 107 980 

753 4.3 60 

804 3.8 70 

944 

966 

49 955 

34 936 

116 939 

245 914 

135 934 

205 926 

163 903 

81 925 

974 1.9 

945 14.1 

953 7.4 

926 3.5 

953 9.6 

945 14.4 

914 4.4 

944 6.2 

1986-1991 
Mean 601 No estimate 602 814 853 827 980 934 949 
SE 28.1 23.2 16.1 
90% CI 556-648 789-865 923-975 

a Source of data: Hepler and Bentz 1987; Hepler et al. 1988 and 1989; Sweet and Webster 1990; Sweet 
et al. 1991; Peltz and Sweet 1992 and 1993. 



Appendix BlO. Estimated sex composition by age class for sport fish harvests 
of Willow Creek chinook salmon, 1986-1993. 

&e 
Class 1.2 1.3 1.4 

Male Female Male Female Male Female 

Sample Smple Sample Sample Sarrple Sample 

Yeara Size Percent Size Percent Size Percent Size Percent Size Percent Size Percent 

1986 22 

1987 37 

1988 53 

1989 27 

1990 134 

1991 35 

1992 224 

1993 76 

100.0 0 0.0 

88.1 5 11.9 

91.4 5 8.6 

100.0 0 0.0 

100.0 0 0.0 

100.0 0 0.0 

100.0 0 0.0 

97.4 2 2.6 

22 40.0 33 

35 76.1 11 

97 57.1 73 

47 70.1 20 

48 70.6 20 

83 61.5 52 

102 

100 

54.0 87 

53.2 88 

60.0 17 

23.9 22 

42.9 48 

29.9 85 

29.4 82 

38.5 60 

46.0 60 

46.8 70 

25.4 50 74.6 

36.7 38 63.3 

41.0 69 59.0 

31.7 183 68.3 

39.2 127 60.8 

31.4 131 68.6 

26.8 164 73.2 

46.4 81 53.6 

1986-1991 

Mean 97% 3% 63% 37% 34% 66% 

1992-1993 

Mean 99% 1% 54% 46% 36% 64% 

a Source of data: Hepler and Bentz 1987; Hepler et al. 1988 and 1989; Sweet 
and Webster 1990; Sweet et al. 1991; Peltz and Sweet 1992 and 1993. 
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Appendix Bll. Seasonal timing of sport harvest by percent for Willow Creek chinook salmon, 1986- 
1993. 

1986= 1987b 1988' 1989' 1990= Mean 86-90 1991f 19928 1993 
____--------- -------------- -------------- ------------- --___I--- _____--------- ------------- ------------- ------------- 

Date % Date % Date % Date % Date % Date % Date % Date % Date % 

6/14-15 21 6/09-16 2 6/09-15 6 6/08-16 6 6/08-14 5 6/10-15 14 6/10-14 14 

6/21-22 22 6/20-21 21 6/18-20 26 6/17-19 7 6/16-18 11 6/15-22 17 6/15-17 8 6/20-22 33 6/15-21 SO 

6/28-29 36 6/27-29 45 6/25-27 38 6/24-26 35 6/23-25 38 6/22-29 38 6/22-24 37 6/23-29 47 6/26-28 29 

7/05-06 21 7/04-06 34 7/02-11 36 7/01-03 56 6/30-7/04 44 6/29-7/11 39 6/29-7/01 50 7/04-7/06 6 7/03-7/os 7 

Hepler and Bentz 1987 

Hepler et al. 1988 

Hepler et al. 1989 

Sweet and Webster 1990 

Sweet et al. 1991 

Peltz and Sweet 1992 

Peltz and Sweet 1993 



Appendix B12. Calculation of 1994 estimated return of chinook salmon to 
Willow Creek. 

Nonhatchery Hatchery 
Age composition 2 ocean 12% Age composition 2 ocean 22% 
for brood years 3 ocean 32% for brood years 3 ocean 44% 
1986-1987 4 ocean 56% 1987-1988 4 ocean 34% 
from Table 6 from Table 6 

Estimated Returns 
from 1988 and 1989 
Brood Years 
from Table 6 

Estimated Return 
By Age Class 

Brood ------------------ Total 
Year Origin 1.2 1.3 Return 

--------------------------------------------- 
1988 Nonhatchery 820 1,700 2,521 

Hatchery 1,675 2,380 4,055 
Total 2,495 4,080 6,576 

1989 Nonhatchery 1,294 1,294 
Hatchery 429 429 

Total 1,723 1,723 

Estimation of O-ocean return in 1994: 

The combined 2- and 3-ocean returns should compose 44% of the nonhatchery 
total and 66% of the hatchery return from the 1988 brood year. 

If 2521 = 44% of the nonhatchery return 
Then X = 56% 

Or X = (56% x 2521) / 44% 
X = 3,209 nonhatchery 4-ocean return 

If 4055 = 66% of the hatchery return 
Then X = 34% 

Or X = (34% x 4055) / 66% 
X = 2,089 hatchery 4-ocean return 

Total O-ocean return = 3209 + 2089 nonhatchery + hatchery 
= 5,298 total 

Estimation of 3-ocean return in 1994: 

The 2-ocean return should compose 12% of the total nonhatchery and 22% of the 
hatchery return from the 1989 brood year. 

If 1294 = 12% of the nonhatchery return 
Then X = 32% 

Or X = (32% x 1294) / 12% 
X = 3,451 nonhatchery 3-ocean return 

If 429 = 22% of the hatchery return 
Then X = 44% 

Or X = (44% x 429) / 22% 
X = 858 hatchery 3-ocean return 

Total 3-ocean return = 3451 + 858 nonhatchery + hatchery 
= 4,309 total 

-continued- 
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Appendix B12. (Page 2 of 2). 

Estimation of 2-ocean return in 1994: 

Smolt release in 1992 215,476 
Estimated survival rate 1.0% 
Estimated percent 2-ocean hatchery 22% 

Predicted 2-ocean hatchery return = 215,476 x 1.0% x 22% 
= 474 

Predicted 2-ocean nonhatchery return = Historic mean 1980 to 1989 
= 784 

Total 2-ocean return = 474 + 784 hatchery + nonhatchery 
= 1,258 total 

Total predicted return in 1994 Nonhatchery Hatchery Total 
------------------------------------ 
4 ocean 3,209 2,089 5,298 
3 ocean 3,451 858 4,309 
2 ocean 784 474 1,258 
--------_-__________________________ 
Totals 7,444 3,421 10,865 
Percent 68.5 31.5 100.0 
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Appendix C. Computer data files and analysis programs developed for the 
chinook salmon stocking, creel survey, and escapement studies 
on Willow Creek, 1993. 

Data Files 

M004DCZ3.DTA Willow Creek, mouth, creel survey angler interview data file, 1993; 

K004DSZ3.DTA Willow Creek, mouth, creel survey angler cant data file, 1993; 

K004DBA3.DTA Willow Creek, mouth, creel survey biological data file, 1993; 

M0040BA3.DTA Willow Creek carcass survey biological data file, 1993; 

K1290BA3.DTA Deception Creek egg take biological data file, 1993; 

Analvs is Proarams 

cs93. EXE RTS program to analyze raw data files fran direct-expansion and roving creel surveys and 

generate estimates of angler effort, catch, and harvest and associated variances; 

BRA31WIL.RD RTS report descriptive file for stage 1 of a stratified, three-stage, roving creel survey; 

BRA32WIL .RD RTS report descriptive file for stage 2 of a stratified, three-stage, roving creel survey; 

BRA33WIL.RD RTS report descriptive file for stage 3 of a stratified, three-stage, roving creel survey; 

smcrAB.ExE RTS program used to cross-tabulate biological data files and produce either “discrete” or 

“continuous” tables of age, sex, length, and weight data; 

MENU91 .BAT Series of RTS programs used to generate listing, frequency, and 1 itho code reports fran raw 

mark-sense data files for identifying data recording errors; 

UILKKS93 .uKl Lotus l-2-3, worksheet used to weight and apportion chinook salmon harvest estimates by sex 

ad age, within and across all stratun; 

WIL93Z.SAS SAS system program used to analyze raw data files from roving creel surveys and generate 

estimates of angler effort, catch and harvest with their associated variances. 

Data files are archived with the Alaska Department of Fish and Game, Sport 
Fish Division, Research and Technical Services Unit, 333 Raspberry Road, 
Anchorage, Alaska 99518-1599. Contact Gail Heineman or Donna Buchholz (267- 
2369) for copies of the files and descriptions of the file format. 
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